Abstract-The configuration of collaborative robots is analyzed and optimized based on the Kriging model. First, through analyzing configurations of the existing collaborative robots, it can be seen that the offset is an important factor affecting the configuration, which is divided into S type and Y type by the influence on the range of motion of the joint. Then, based on the Kriging model, the multi-objective optimization function is established, which takes the length and offset of each link as parameter variables and regards the global performance index, the workspace volume index and the workspace dexterity performance index as optimization objective. And the influence of the link and offset parameters of the robot on the robot performance index is analyzed. In the end, the pareto optimal solution set and the optimization configurations are obtained using multi-objective genetic algorithm, and the performance is improved, the solution provides theoretical basis for the configuration design of collaborative robots.
INTRODUCTION
With the development of robot technology, collaborative robots have received more and more attention from all over the world in recent years. According to the definition in ISO 10218-2, a collaborative robot is a robot that can directly interact with people in a collaboration area [1] . Compared with traditional industrial robots, collaborative robots have many advantages, such as security, versatility, sensitivity, accuracy, easy use and collaboration. The above advantages not only make the collaborative robots applied in the manufacturing field, but also in the fields of family service and rehabilitation medicine [2] . Currently, the typical collaborative robots mainly include iiwa, Yumi, Sawyer, Baxter, UR and SCR5 [3, 4] . The collaborative robots have many different configurations compared with traditional robots. The design of the robot configuration has an important impact on the performance of the robot. Most of the existing collaborative robots adopt the configuration of a 7DOF redundant robot. The more effective research on 7DOF configuration was the method proposed by Hollerbach [5] in 1985. In the configuration of 6DOF robot, a rotating pair was added to each of the shoulders, elbows and wrists and the degree of freedom degradation and repeated equivalent forms were removed, and finally a series of robot configurations were obtained. And the optimal configuration of the 7DOF robot was recommended by whether the configuration can realize the self-motion characteristics and the mechanical design. For the research of redundant robot mechanism design, Shenyang Automation Institute [6] studied the map of 7-DOF robots, 64 configurations from 2187 configurations is selected by using the position space and singular space to simultaneously evaluate the robot performance. The selection principle of the 7DOF robot was gave and the better form of the robot was selected by Zhao [7] .Existing collaborative robots use different configurations, such as iiwa, Yumi, Sawyer, and Franka. The differences in these robot configurations are mainly reflected in the configuration offset, and none of the above studies considered the existence of a robot configuration offset. At present, a few scholars have discussed the robot offset problem. The robot configuration is obtained [8, 9] by analyzing elbow motion range, wrist dexterity, kinematics and dynamics performance, and arm appearance. However, these studies only analyzed from the type of configuration, and there is no research on the effect of offset on robot performance. And because the performance solution of the robot takes long time, only a particular configuration is considered in the configuration analysis of 7DOF redundant robot.
In view of the above problems, by comparing and analyzing the existing collaborative robot configuration in this paper, the offset existence is an important factor leading to the configuration difference, and the offset is defined and classified. Then a mathematical model of the robot performance using Kriging approximate model, which can reduce the time to solve the performance. And the influence of parameters on the performance of the robot is analyzed. The multi-objective genetic algorithm is used to optimize the configuration of the robot. Finally, the optimized configuration is obtained, so that the performance of the optimized configuration is improved. rotating joint. The positional relationship of the joints at both ends of the link is shown in Fig. 1 In order to clearly describe the positional relationship between two adjacent joints, Gogu [10] used 4-bit binary data to represent the type of kinematic pair and the connected pose. 3-bit binary is used to express the position relationship of adjacent joints. Where, when bit 1 =0, the joint is parallel and vice versa; bit 2 =0 means that the length of the vertical perpendicular between the axes is zero, bit 3 =0 means the axis length is zero, and when bit 1 =0, bit 2 =1, bit 3 =0. The position relationship between adjacent joints is shown in Figure 2 . The robot is coded by the above coding method, and the evolution process and differences of the collaborative robot configuration are analyzed by comparing the positional relationship between the joints. From Fig.3 , it can be seen that the collaborative robots mainly use SRS configuration, where bit 1 =1 and bit 2 and bit 3 are difficult. In this paper, regard the encoding of the SRS configuration as the basic encoding and compare the robot encoding with the basic encoding. If they are different, the robot parameters are defined as offsets.
Through the above analysis, the configuration of the collaborative robot is obtained as shown in Figure 4 . Where a i and b i represent the offset parameter and the link size parameter of the collaborative robot. The offset of the robot is divided into S type and Y type, where, a 2 , a 5 , a 8 are included in the S type, and a 1 , a 3 , a 4 , a 6 , a 7 , a 9 are included in the Y type. In this paper, the effects of offset parameters on the performance of the robot are researched, and the configuration of robot is optimized. 
In this paper, the mathematical model of robot performance index and robot configuration parameters is established to study the influence of robot offset parameters and size parameters on its performance. Based on the mathematical model, multi-objective optimization is carried out to optimize the robot configuration. The performance index uses the global performance index f 1 , the workspace volume index f 2 and the flexible workspace index f 3 . In the solution process, the solution takes long time due to point clouds required. So the Kriging model is used to establish the mathematical model of the robot performance index and the link parameters and offset parameters, which can reduce the solution time. Then optimize the configuration by genetic algorithm.
A. Design Variables and Constraints
The robot link parameters, offset parameters, and the motion range of each joint affect the performance of the robot. In this paper, the robot link parameters a i , b i are used as the optimization design variables, and the total lengths of the link and the offset are considered as constant values c 1 and c 2 . The offset parameters are changed within a certain range, and the constraints of the objective optimization function are obtained. 
B. Kriging Model
Kriging model [11] belongs to an unbiased estimation model with the smallest estimated variance. The Kriging model can be expressed as the equation.
where, f(x) is a regression function of x, β is the corresponding regression coefficient, z(x) is a random function whose expectation is 0 and variance is 2 V , and its covariance matrix can be expressed as:
where i, j=1, 2,...,n, n is the number of data in the sample, , ,
T is the correlation function of any two sample points. The θ value is obtained according to the relevant theory, and finally the Kriging model is obtained .
Compared with the real model, there are deviations in the Kriging model. In order to ensure the accuracy of the model, the model needs to be verified. The complex correlation coefficient method is used [12] . 
where n is the number of sample points, y P is the mean of the sample points. y i and ^i y are the real response value and the predicted value of the model respectively. And the closer the R 2 value is to 1, the more accurate the Kriging model is.
C. Multi-objective Genetic Algorithm for Solving
Multi-objective genetic algorithm is used to optimize Kriging model. In the optimization process, the multi-objective genetic algorithm is used to obtain the optimal solution set of the objective function and the Pareto frontier surface. Then, the weight of each attribute is determined by the combination weighting method [13] , and the final Pareto selection is completed.
IV. OPTIMIZATION RESULTS AND ANALYSIS

A. Impact of Offset Parameters on Performance Indicators
In this paper, the parameters take b1 and b2 as 0.4m during the analysis of the offset. As shown in figure 4 , it can be seen that there are many offset variables, which leads to too much experimental data required for solving the Kriging model. The sensitivity design is used to select and optimize the design variables. 3) The flexible workspace index Fig.5 The influence of offset ai on robot performance 1) For global performance index, the S-type offset causes a slight increase in f 1 . The Y-type offset has a different effect on f 1 , where a 3 makes f 1 decrease slightly, and a 4 , a 7 make f 1 increase significantly, and a 1 , a 6 , a 9 have less influence on f 1 .
2) For the working space volume index, a 1 , a 9 make f 2 decrease. The other offsets make working space volume index reduce, and the larger the offset is, the worse the index is.
3) For the workspace dexterity index, a 5 , a 8 , a 9 make f 3 significantly reduce, and a 2 , a 3 , a 6 , a 7 have little effect on the performance index, and a 1 makes f 3 increase. When a 4 <0.1m, f 3 decreases, otherwise, f 3 increases. 4) By analyzing the influence of the S-type offset and the Y-type offset on the robot performance, the influence of the S-type offset on the global performance index is not obvious. But the influence on the workspace volume is large, and the performance decrease as the offsets increase. The influence of Y-type offset on the three performance indicators is not uniform.
From the analysis, it can be seen that the existence of the offsets a 2 , a 6 , a 7 do not reduce the values of the objective functions f 1 , f 2 , and f 3 , that is, there is no improvement on the three performance indicators in this paper. Therefore, in the optimization analysis of robots, let a 2 =0, a 6 =0, a 7 =0, and study the optimal combination of the S-type and the Y-type configuration respectively.
B. Optimization of S-type and Y-type Configuration
In this paper, the parameters a 1 , a 3 , a 4 , a 9 of the Y-type and a 5 , a 8 of the S-type offset are researched. Firstly, the approximate model of the robot performance is established with Kriging method, which is verified by the correlation coefficient method. The accuracy of the global performance index and the workspace volume index is over 97%, and the accuracy of the flexible workspace index is 93%. It is considered that the Kriging approximation model is effective.
Under the condition that the sum of the offset constraints is satisfied, the Pareto optimal solution set of the multi-objective optimization is obtained using the multi-objective genetic algorithm. The Pareto with Y-type offset is taken as an example, as shown in figure 6 . 3) The relationship of f2 and f3 Fig.6 The Pareto front of the configuration By analyzing the Pareto frontier surface of the Y-type offset, we can see that: Figure 6 .1 shows the relationship between the global performance index and the workspace volume index of the robot. When the design tends to the global performance index, the performance index of the workspace will decrease. Conversely, when it is inclined to the workspace index, the global performance of the robot The indicator will decline. Figure 6 .2 shows the relationship between the global performance index and the workspace dexterity index of the robot. The excessive requirements for the global performance indicators will lead to a significant reduction in workspace dexterity index; Figure 6 .3 shows the relationship between the workspace volume index and the workspace dexterity of the robot. When the workspace volume index changes greatly, the workspace dexterity index changes little, which means that the relationship between the two indicators is not obvious.
In this paper, the weight coefficient of each target is obtained by the combination weighting method. Firstly, with expert investigation method, the subjective weight coefficient of multi-objective optimization is obtained, and > @ Table  . Compared with the iiwa configuration, the workspace dexterity performance of the optimized robot configuration is significantly improved, but the global performance and workspace volume performance are degraded. The workspace volume performance of the S-type and the global performance of the Y -type are significantly reduced. It is shown that the link offset parameter a i of the robot has a great influence on the performance of the robot. And the offsets of S-type significantly improves workspace dexterity performance, and reduces the workspace volume performance obviously. The offset of Y-type significantly reduces the global performance of robot. 
V. CONCLUSIONS
In this paper, the existing collaborative robot configuration is analyzed. It is found that the configuration of the collaborative robot has a certain change with the traditional robot configuration, which is mainly reflected in the existence of the robot configuration offset. First, with binary-coded, robot configuration offset is defined and classified. And the uniform configuration of collaborative robot is obtained. Then, the effects of robot link parameters and offset parameters on the performance of the robot are studied. Next, the approximate model of the robot performance index and the robot link parameters is established by Kriging model, and the influence of the link parameters on the robot performance is analyzed. Finally based on the mathematical model, the combination of the link parameters to meet the requirements of the robot is obtained with a multi-objective optimization methods. The performance index of the optimize configuration is compared with the exiting robot, which verifies the effectiveness of the optimization results. It is analyzed that the S-type offset has a significant improvement effect on the workspace dexterity index of the robot, and reduces the workspace volumetric performance of the robot. While the Y-type offset is has a significant reduction effect on the global performance. And the above analysis results provide a reference for the configuration design of the collaborative robot.
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